circle hooks (C18). In the target species group no significant differences among 4 types hooks were revealed. In the bycatch species group significant differences were found between J4 and C15, and between J4 and C16. Small circle hook (C15) recorded the highest catch rate for tunas and sharks, and traditional tuna hooks (J4) for billfishes, but catch rate of C18 was the lowest.
The length frequency of bigeye tuna by hook type showed very similar distribution and slight differences were founded between hook types in the bycatch species. Squid and jack mackerel baits had high catch rate for tuna group and other fishes group, and chub mackerel bait for billfishes and sharks group, but milkfish bait had low catch rate for all groups except tuna group.
Two experiments with circle hooks conducted in 2005 and 2006 showed some discrepencies in the catch rate of target species. This year we will carry out the same type research survey once more in the western central Pacific Ocean and will present results at SC4.
Fishing method and hooks used
During the 34 days of the experiment, a total of 28 longline sets (one set per day)
were monitored. The fishing operations targeted bigeye tuna at the fishing depth ranging from 100 to 300m. The hooks used were of 4 different types: size 4.0 traditional tuna hooks (J-4), and three sizes (C15, C16, C18) of circle hook with 10º offset type ( Fig. 2-1 ). The number of hooks used for each set was 2,240 (560 of each type). The hooks were sequentially set in the order of J 4 -C15 -C16 -C18 ……during set number 1~14 (A type), and of C15 -C16 -C18 -J 4 ……during set number 15~28 (B type) (Fig 2-2) . After about 3 hours of soaking, the longline sets were hauled, continuing until the following early morning and finishing by 7:00 am. Twenty six haulings were started where the setting was finished while two haulings wereas started where the setting started. A total of 62,464 hooks were set in the experiment.
The number of hooks between two floats was 16 and mean length of main line was 135 km. The baits were sardine, jack mackerel, squid, chub mackerel and milk fish.
Catch in number by species and hook type
The catches (in number of fish) taken by 62,464 hooks were 824 tunas and billfishes; bigeye tuna was the dominant tuna species accounting for 507 fish (61.6% of the tuna and billfish total), followed by yellowfin tuna of 78 fish (9.5%), and incidental catches of albacore and skipjack tuna ( A total of 24 bycatch species (676 in number) were observed during the experiment, among which sharks (43.5%), pomfrets (24.2%) and escolar (16.7%) were most common. Some other fish species were also observed (Table 1- In this experiment period 5 olive ridley sea turtles were observed taken during the time the fishing gear was being hauled. Incidental catch information for these turtles are shown in Table 2 . Sea turtles caught by J hooks were dead but caught by circle were alive. After their body measurements were taken we immediately released them to the sea. in the same species group were detected using a chi-square (χ 2 ) test for significant differences. The results for each pair of hook types are shown in Table 3 .
In the target species group no significant differences were observed among 4 types hook and between any two hook types. In the bycatch species group significant differences were found between J-4 and C15, and between J-4 and C16, respectively. Table 4 shows the catch rates for each species in a comparative way. Traditional tuna hooks (J-4) had lower catch rate for all species, 18% lower than small size circle hooks (C15), 10% lower than middle size circle hooks (C16) and 9% lower than large size circle hooks (C18). For the tunas group, J-4 hooks had a catch rate that was 17% lower than C15 hooks and 13% higher than C18 hooks. For the billfishes group the catch rate of J-4 hooks was 19% higher than C15 hooks, 32% higher than C16 hooks and 9% higher than C18 hooks. Also, for the sharks group the catch rate of J-4 hooks was 42~53% lower than C15, C16 and C18 hooks, respectively. The consequence was that 3 types circle hooks had higher catch rate for tunas and sharks and had lower catch rate for billfishes as compared with traditional tuna hooks (J-4). 
Catch rate of species by bait
The baits used were 5 species : chub mackerel, sardine, squid, jack mackerel and milkfish. The number of bait used in each set was 15,616 for chub mackerel, sardine and squid, and 7,808 for jack mackerel and milkfish, respectively. Table 5 shows the catch rates for each species by bait type. Jack mackerel and squid of the 5 different showed the highest CPUE for tunas group including bigeye tuna. . For the tunas group the CPUEs (14.5~15.8 fishes/1,000 hooks) of Jack mackerel bait and squid bait were 54~59% higher than for the rest 3 baits. Milkfish bait showed the lowest CPUE for billfishes group, sharks group and other fishes group Also, for the billfishes group the CPUE of chub mackerel bait was 46% higher than jack mackerel bait. and 2~4times higher than the rest 3 baits. For the sharks group the CPUEs of chub mackerel, sardine and squid baits were 19~29% higher than those of jack mackerel bait.
For other fishes squid bait showed the highest CPUE, that was 7% higher than jack mackerel bait and 20% higher than sardine bait. In conclusion squid and jack mackerel baits showed higher catch rate for tuna group and other fishes group, and chub mackerel bait for billfishes and sharks group, but milkfish bait showed lower catch rate for all groups except tuna group. 
Length composition of catches by hook type
Length frequency data for all species caught by the 4 types of hook were collected.
The fork length of bigeye tuna ranged from 51cm to 208cm (mean 135cm), that of bigeye tuna caught by J-4 hooks ranged from 51cm to 200cm (mean 128cm), that by C15 hooks ranged from 51cm to 200cm (mean 135cm) and that by C18 ranged from 72cm to 206cm (mean 141cm). Therefore, the length distributions for bigeye tuna were very similar for the 4 hook types as shown in Figure 3 -1.
The fork length of yellowfin tuna ranged from 96cm to 175cm (mean 134cm), that of yellowfin tuna caught by J-4 hooks ranged from 96cm to 163cm (mean 130cm), that by C15 hooks ranged from 118cm to 167cm (mean 135cm), that by C16 hooks ranged from 111cm and 169cm (mean 137cm) and that by C18 hooks ranged from 111cm to 175cm (mean 134cm) ( fig. 3-1) . Therefore, yellowfin tuna caught by J-4 hooks had slightly smaller length than those by circle hooks.
Length frequency data for billfishes, sharks and other species were compared among the 4 types hook (Fig 3-2) . The sizes of swordfish and bigeye thresher shark caught by J-4 hooks were slightly smaller than those for 3 types of circle hooks, respectively, but those of the other fishes were not. There were slight differences in length size between hook types in the bycatch species as shown in Fig.3 -2. 
